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(54) Method for manufacturing a semiconductor memory device 



(57) A method for manufacturing a semiconductor 
memory device in which a bit line and a storage elec- 
trode of a capacitor are connected to an active area of 
a semiconductor substrate (101), respectively, via a 
contact pad (117a, 117b) formed in a self-aligning man- 
ner. The method includes the steps of forming gate elec- 
trodes (105) on the semiconductor substrate (101), the 
gate electrodes (105) being covered with a nitride spac- 
er (107) Then, a thermal oxide layer is formed on the 
exposed surface of the semiconductor substrate be- 
tween the gate electrodes. Then, an etch stop layer 
(109) is formed on the entire surface of the resultant 



structure having the thermal oxide layer to an appropri- 
ate thickness such that the space between the gate 
electrodes is not buried. Then, a first interlayer dielectric 
(ILD) film (114) covering the space between the gate 
electrodes and the top of the gate electrodes is formed 
and the first ILD film is then patterned (114a) to form a 
landing pad hole (116) which exposes the spacer (107) 
and the etch stop layer. Then, the etch stop layer (109) 
and the thermal oxide layer are removed to expose the 
surface of the semiconductor substrate (101), and the 
landing pad hole (1 1 6)is then filled with a conductive ma- 
terial to form landing pads ( 1 1 7a, 117b) 



FIG. 8a 
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Description 

The present invention relates to a semiconductor 
memory device manufacturing method and more par- 

Unii^riy fo R rnoIhrxH for rrtanijfortijring a £em!CCnd'JCtCr 

memory device having improved contact alignment 

In general, as dynamic random access memory 
(DRAM) becomes more highly integrated, the size of a 
cell gradually decreases, thereby decreasing the proc- 
ess margin in manufacturing a semiconductor device 
Thus, precision in the alignment in forming a contact in 
the cell becomes more important 

In a DRAM, a contact in a cell array portion, such 
as a contact for connecting a storage electrode of a ca- 
pacitor to a semiconductor substrate is usually formed 
between a bit line and a gate electrode line. Thus, se- 
curing an alignment margin to form a contact in such 
condition directly affects the inferiority ratio of the de- 
vice 

Also, a semiconductor memory device of 64M 
DRAM or more adopts a capacitor on bit-line (COB) 
structure, which results in an increase of a step differ- 
ence between a cell array region and a peripheral circuit 
region. Accordingly it is very difficult to secure an ap- 
propriate focus margin and form a fine pattern. 

An aim of at least preferred embodiments of the 
present invention is to provide a method for manufac- 
turing a semiconductor memory device, allowing an 
alignment margin for a contact. 

It IS another preferred aim to provide a semiconduc- 
tor memory device manufacturing method capable of re- 
ducing the step difference between a cell array region 
and a peripheral region 

According to a first aspect of the present invention, 
there is provided a method for manufacturing a semi- 
conductor memory device comprising the steps of form- 
ing gate electrodes on a semiconductor substrate, the 
gate electrodes being covered with a nitride spacer 
Then, a thermal oxide layer is formed on the exposed 
surface of the semiconductor substrate between the 
gate electrodes, and an etch stop layer is then formed 
on the entire surface of the resultant structure having 
the thermal oxide layer to an appropriate thickness such 
that the space between the gate electrodes is not buried. 
I Then, a first interlayer dielectric (ILD) film covering the 
I space Is formed between the gate electrodes and the 
top of the gate electrodes, and the first ILD film is then 
': patterned to form a landing pad hole which exposes the 
^ spacer and the etch stop layer Then, the etch stop layer 
and the thermal oxide layer are removed to expose the 
surface of the semiconductor substrate, and then the 
landing pad hole is filled with a conductive material to 
form a contact plug, resulting in landing pads 

Preferably, to form the landing pad hole, a first con- 
ductive layer is formed on the entire surface of the re- 
sultant structure having the landing pad hole, and the 
first conductive layer is etched until the surface of the 
first ILD film is exposed, to form the contact plug in the 



landing pad hole Here, the first conductive layer is pref- 
erably formed by a chemical mechanical polishing 
(CMP) method or by etching back the first conductive 
layer 

method for manufacturing the semiconductor memory 
device further comprises the steps of forming a second 
ILD film on the resultant structure having the landing 
pads Then, the second ILD film is patterned to form a 

'0 bit line contact hole which exposes the surface of a part 
of the landing pads, and a bit line contact plug is then 
formed in the bit line contact hole. Then, a bit line which 
Is connected to the bit line contact plug is formed on the 
resuftant structure having the bit line contact plug 

'5 Also preferably, after the step of forming the bit line 
the manufacturing method further comprises the steps 
of forming a third ILD film on the resultant structure hav- 
ing the bit line Then, the third ILD film is patterned to 
form a storage electrode contact hole which exposes the 

20 surface of the other part of the landing pads, and a stor- 
age electrode is then formed, which Is connected to the 
semiconductor substrate via the storage electrode con- 
tact hole and the other part of the landing pads Then, 
a dielectric film is formed on the storage electrode, and 

25 then an upper electrode is formed on the dielectric layer 
to complete a capacitor 

According to another aspect of the present Inven- 
tion, there is provided a method tor manufacturing a 
semiconductor memory device comprising the steps of 

30 forming a gate electrode on a semiconductor substrate 
having a cell array region and a peripheral circuit region, 
the gate electrode being covered with a spacer Then." 
a planarized first interlayer dielectric (ILD) film is formed ' 
on the semiconductor substrate having the gate elec- \ 

35 trode, and a second ILD film is then formed on the first"""' 
ILD film. Then, a remaining preventing layer is formed 
on the second ILD film, and the remaining preventing 
layer, the second ILD film and the first ILD film are pat- 
terned in sequence to form a landing pad hole which 

'*o simultaneously exposes an active region of the semi- 
conductor substrate and a part of the spacer in the cell 
array region. Then, a contact plug is formed in the land- 
ing pad hole resulting in landing pads 

According to still another aspect of the present in- 
vention. there is provided a method for manufacturing a 
semiconductor memory device comprising the steps of 
forming gate electrodes on a semiconductor substrate, 
the gate electrodes being covered with a nitride spacer 
Then, a thermal oxide layer is formed on the surface of 

50 the semiconductor substrate which is exposed between 
the gate electrodes Then, an etch stop layer Is formed 
on the entire surface of the resultant structure having 
the thermal oxide layer to an appropriate thickness such 
that the space between the gate electrodes is not buried 

55 Then, a first oxide layer is formed in the space between 
the gate electrodes, and then a second oxide layer is 
formed on the first oxide layer Then a polysilicon layer 
IS formed on the second oxide layer and the polysilicon 
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layer, the second oxide layer, the first oxide layer, the 
etch stop layer and the thermal oxide layer are partially 
etched in sequence, to form a landing pad hole which 
simultaneously exposes the surface of the semiconduc- 
lor suDSIiaio and a pari ui the spauei TiiBii, a laiioiny 
pad IS formed in the landing pad hole 

In the preferred method, a sufficient alignment mar- 
gin can be secured in the formation of a landing pad 
without damaging the semiconductor substrate, and the 
step difference in the semiconductor substrate can be 
minimized. 

For a better understanding of the invention, and to 
show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying diagrammatic drawings, in which 

Figure 1 shows the layout of a cell array region of a 
semiconductor memory device manufactured by a 
method according to a first preferred embodiment; 

Figures 2 through 14 are section views illustrating 
the semiconductor memory device manufactured 
by a method according to the first preferred embod- 
iment: 

Figures 15 through 21 are section views illustrating 
a semiconductor memory device manufactured by 
a method according to a second preferred embod- 
iment: and 

Figures 22 through 28 are section views illustrating 
a semiconductor memory device manufactured by 
a method according to a third preferred embodi- 
ment. 

In the preferred embodiment of the semiconductor 
memory device manufacturing method, a bit line and a 
storage electrode of a capacitor are connected to an ac- 
tive region of a semiconductor substrate via self -aligned 
landing pads 

Figure 1 shows the layout of a cell array region of a 
semiconductor memory device manufactured by a 
method according to a first embodiment Figure 1 shows 
the state where landing pads 1 1 7a and 1 1 7b are formed 
on a gate electrode 105 in a self-aligning manner, and 
the formation of a bit line thereon is completed. 

In Figure 1 , reference character "AA" represents an 
active region, reference numeral 105 represents a gate 
electrode, reference numeral 107 represents a spacer 
for capping the gate electrode 105. reference numeral 
1 1 7a represents a landing pad for connecting a storage 
electrode of a capacitor to a semiconductor substrate, 
reference numeral 117b represents a landing pad for 
connecting the bit line to the semiconductor substrate 
Also, reference numeral 120 represents a bit line con- 
tact hole, and reference numeral 123 represents a bit 
line 

Next the semiconductor memory device manufac- 



turing method according to the first embodiment will be 
described in detail with reference to Figure 1 and. Fig- 
ures 2 through 14 

Figures 2a 3a to 14a are section views cut along 

IKIWM-M Oirigultj I r ly ui tjS £.u to 1 41j die ScC'iiOm w ic »Vb 

cut along line B-B' of Figure 1 , and Figures 2c to 14c are 
section views cut along line C-C of Figure 1 

Referring to Figures 2a, 2b and 2c. a gate electrode 
105 and a spacer 107 for capping the gate electrode 

'0 105, e g , a silicon nitride spacer, are formed in se- 
quence on a semiconductor substrate 101 in which an 
active region and a non-active region are divided by an 
isolation film 103 such as a field oxide layer Then, a 
source/drain (not shown) is formed in the active region 

'£ between the gate electrodes 1 05 by an ion implantation 
process, thereby completing a transistor consisting of 
the gate electrode 105 and the source/drain. 

Then, in order to protect the surface of the active 
region of the semiconductor substrate 101 which is ex- 

20 posed during the formation of the transistor from an etch 
stop layer formed of a nitride layer, to be formed in a 
subsequent step, a thermal oxide layer (not shown) is 
formed on the semiconductor substrate 101 to a thick- 
ness of approximately 50~1 50A, If the thickness of the 

2s thermal oxide layer exceeds the above range, the ther- 
mal oxide layer should be partially etched when etching 
the silicon nitride layer as an etch stop layer in a subse- 
quent step. Here, a field oxide layer may be etched to- 
gether, so that the thermal oxide layer can be grown to 

30 a minimum thickness. 

Referring to Figures 3a, 3b and 3c. an etch stop lay- 
er 109 made of silicon nitride is formed on the entire 
surface of the resultant structure having the thermal ox- 
ide layer to a thickness of at least 1 0OA, In consideration 

35 of the etching selectivity of the etch stop layer 109 to an 
oxide layer, the etch stop layer 109 is formed to the op- 
timum thickness, to at least lOOA, such that the space 
between the gate electrodes 105 is not buried, 

ReferringtoFigures4a, 4band4c, afirst oxide layer 

40 111 IS formed on the resultant structure having the etch 
stop layer 109 to a thickness that is sufficient to com- 
pletely bury the space between the gate electrodes 105, 
Referring to Figures 5a, 5b and 5c, the first oxide 
layer 111 is planarized by a chemical mechanical pol- 
l's ishing (CMP) process, using the etch stop layer 1 09 as 
an etching end point, thereby resulting in a planarized 
first oxide layer Ilia Then, a second oxide layer 1 1 3, e 
g an oxide layer formed by chemical vapor deposition 
(CVD), IS formed on the planarized first oxide layer Ilia 

50 to a predetermined thickness, to form a first interlayer 
dielectric (ILD) film 1 14 consisting of the first oxide layer 
111a and the second oxide layer 113 Here, the thick- 
ness of the second oxide layer 113 is controlled such 
that the thickness of the first ILD film 114 is the same as 

55 that of landing pads to be formed in a subsequent step 
Relerring to Figures 6a. 6b and 6c, the first ILD film 
114 and the etch stop layer 109 are patterned by pho- 
tolithography to form a lirst ILD film pattern 114a, At this 
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time a landing pad hole 116 is also formed, which ex- 
poses the spacer 107 covering the gate electrode 105 
and the etch stop layer 1 09 formed on the semiconduc- 
tor substrate 101 Then, the exposed thermal oxide lay- 
er ^^ol shownj is removed by lii y oi wal elui m ig so ii lai 
the surface of the semiconductor substrate 101 is ex- 
posed by the landing pad hole 116 

Referring to Figures 7a, 7b and 7c, a first conductive 
layer 117 eg., an impurity-doped polysillcon layer, is 
formed in the landing pad hole 116 and on the first ILD 
pattern 114a 

Referring to Figures 8a. 8b and 8c, the first conduc- 
tive layer 1 1 7 is etched by CMP or an etch back process 
until the surface of the first ILD pattern 114a is exposed, 
thereby forming landing pads 11 7a and 1 1 7b in the land- 
ing pad holes 116. 

According to a conventional semiconductor memo- 
ry device manufacturing method, a conductive material, 
e g.. Impurity-doped polysilicon, Is deposited on the 
semiconductor substrate, and then patterned such that 
a portion in which a pad Is to be formed remains. On the 
contrary, according to the method of the present inven- 
tion, the landing pad hole 116 is first formed, and then 
the first conductive layer 117 is deposited and 
planarized, resulting in self-aligned landing pads 117a 
and 117b Thus, there is no step difference between a 
cell array region and a peripheral circuit region while the 
landing pads 117a and 117b are formed. Also, the first 
ILD film 114 made of an oxide having a high etching se- 
lectivity to the semiconductor substrate 101 is etched so 
that damage to the semiconductor substrate can be pre- 
vented even though it may be mis-aligned Also, when 
etching the first conductive layer 11 7 by a CMP process 
to form the landing pads 117a and 117b, the surface of 
the semiconductor substrate is precisely planarized af- 
ter the landing pads 117a and 117b are formed Thus, 
when forming an ILD film on the surface of the semicon- 
ductor substrate, the ILD film can be formed by only a 
deposition step, without a need for a step of reflowing 
insulation material such as borophosphosillcale glass 
(BPSG) or an additional planarizing step. 

Referring to Figures 9a, 9b and 9c, a second ILD 
film 1 1 9, e g an oxide layer such as BPSG, is deposited 
to a thickness of approximately 5OO~3,O0OA on the re- 
sultant structure having the landing pads 11 7a and 11 7b. 
The landing pads 117a and 117b are formed by the 
above-described patterning method, there is no need for 
an extra step for planarizing the insulation film. 

Referring to Figures 10a, 10b and 10c, the second 
ILD film 1 1 9 IS patterned to form a second ILD film pat- 
tern 119a having a bit line contact hole 120 vitilch ex- 
poses the landing pad 117b connected to the drain in 
the cell array region of the semiconductor substrate 101 
and a landing pad connected to the active region and a 
landing pad connected to the gale electrode in the pe- 
ripheral circuit region Then, a second conductive layer, 
e g , an impurity-doped polysilicon layer, is formed on 
the entire surface of the resultant structure to a thick- 



ness sufficient to bury the bit line contact hole 120 

Referring to Figures 11a, lib and 11c, the second 
conductive layer 1 21 is etched by a CMP process or an 
etch back process until the second ILD film pattern 11 9a 

^ lo oAposod, ihsrcby forrTiiriy ct bit IimC ccr^tcict pl jg 1213 
Then, a third conductive layer, e g an amorphous tung- 
sten sllicide (WSi^) layer, is formed by a CVD process 
or a physical vapor deposition method, and then pat- 
terned to form a bit line 123 As a result, the step differ- 

10 ence corresponding to the thickness of the bit line 123, 
which is less than that of the conventional case, exists 
on the semiconductor substrate 101, 

The reason for depositing the tungsten sllicide form- 
ing the bit line 1 23 in an amorphous state is to free the 

'5 same from stress in a subsequent thermal process. That 
Is, if a crystallized tungsten sillcide is deposited, lifting 
occurs in the interface with the upper layer due to stress 
in a high-temperature thermal process performed at 
eOCC or higher 

20 Referring to Figures 12a, 12b and 12c, a third ILD 
film 125 is formed on the entire surface of the semicon- 
ductor substrate 101 having the bit line 123, The third 
ILD film 125 is formed of an oxide layer which can be 
deposited at a lower temperature, 1 e,, at500°Cor less. 

25 that IS, a low-temperature oxide layer The third ILD film 
125, may be formed, for example, by forming an 
Ogtetraethyl ortho silicate (TEOS) undopcd silicate 
glass (USG) layer by an atmosphere pressure chemical 
vapor deposition (APOVD) method. As another exam- 

30 pie, a plasma type oxide layer may be deposited on the 
semiconductor substrate 101 having the bit line 123 to 
a thickenss of 100-2 OOOA, and BPSG is then deposit- 
ed on the plasma type oxide layer and then reflowing is 
performed. Here, the second example requires an ad- 

35 ditional planarization step since the plasma type oxide 
layer without flow characteristics is used However, in 
the first exemplary method using an O3-TEOS USG lay- 
er a good planarized layer can be formed even though 
the thickness of the deposited layer is 3,500A or less 

40 due to its excellent filling characteristics so that an ad- 
ditional process such as flowing is unnecessary. The 
amorphous tungsten sillcide is crystallized via a phase 
shift at near 600°C. thereby increasing stress. Thus 
when the third ILD film 125 is composed of a low-tem- 

45 perature oxide layer which is formed at a lower temper- 
ature of 500°C. the lifting phenomenon in the interface 
between the tungsten sllicide layer and the upper layer 
thereof can be prevented 

Referring to Figures 13a, 1 3b and 13c. the third ILD 

so film 125 and the second ILD film pattern 119a are pat- 
terned to form a third ILD film pattern 1 25a and the sec- 
ond ILD film pattern 119b. resulting in a storage elec- 
trode contact hole 1 26 which exposes the surface of the 
landing pad 117a connected to the source of the tran- 

55 sistor 

Referring to Figures 14a, 1 4b and 1 4c. a fourth con- 
ductive layer 1 e , an impurity-doped polysilicon layer, is 
formed on the entire surface of the resultant structure 
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having the storage electrode contact hole 1 26 and then 
patterned to fornn a storage electrode 127 As a result 
a step difference corresponding to only the thickness of 
the storage electrode 127 exists on the semiconductor 

- I — A 

Then, a dielectric film 1 31 and a plate electrode 1 33 
are sequentially formed on the storage electrode 127, 
completing a capacitor. Here, a nitride layer is formed 
on the storage electrode 127 prior to the formation of 
the dielectric layer 131. Then, the resultant structure is 
heated to approximately 750''C under a nitrogen atmo- 
phere, and then an oxidation process is performed on 
the resultant structure when the temperature exceeds 
750°C, thereby forming the dielectric film 1 31 having a 
nitride/oxide structure When the dielectric film 131 is 
formed by the above method, oxidation of the bit line 
123 during an oxidation process can be prevented. 

As described above, a patterning method is used 
for forming the landing pad. and the bit line is formed 
after the bit line contact pad is formed so that the step 
difference on the semiconductor substrate can be min- 
imized and the semiconductor substrate can be 
planarized by a simpler process. As a result, the step 
difference between the cell array region and the periph- 
eral circuit region are decreased to the thickness of the 
storage electrode. 

Next, a second embodiment of the preferred meth- 
od for manufacturing semiconductor memory device will 
be described. 

In the second embodiment, a method capable of 
solving the problem of a dishing phenomenon is provid- 
ed. Dishing may occur in a peripheral circuit region when 
the conductive layer deposited on a portion other than 
the inside of the landing pad hole is etched by a CMP 
method. 

Figures 15a and 15b through Figures 21a and 21b 
are section views illustrating a semiconductor memory 
device manufacturing method according to the second 
embodiment Here, Figures 15a to 21 a show a cell array 
region, and Figures 15b to 21b show a peripheral circuit 
region. 

Referring to Figures 15a and 15b, in the cell array 
region and peripheral circuit region, a gate electrode 
220 is formed on a semiconductor substrate 200 by a 
shallow trench isolation (STI) method, in which an iso- 
lation region and an active region is divided The gate 
electrode 220 may be formed to have a polycido struc- 
ture consisting of a polysilicon layer and a tungsten sil- 
icide layer. Here, the interval between the gate elec- 
trodes 220 IS less than 0 Sjam in the cell array region 
while that in the peripheral circuit region may be several 
tens of Jim Then, a spacer 222 covering the gate elec- 
trode 220 IS formed using a silicon nitride layer in a sub- 
sequent step in consideration of the etching selectivity 
of the silicon nitride layer to an oxide layer used as an 
ILD film Then, a source/drain (not shown) is formed in 
the active region between the gate electrodes 220 in the 
cell array region by an ion implantation process, thereby 



completing a transistor consisting of the gate electrode 
220 and the source/dram 

Referring to Figures 16a and 16b, in order to re- 
move the step difference formed by the gale electrode 

- 220 en the ccmiccnd'jctcr subst's'c '^0'^ B^'--G 

posited on the resultant structure to a thickness of 
4,000A or more, and then flowed at a higher tempera- 
ture Then, planarization is performed by a CMP proc- 
ess using the spacer 222 as an etching end point, thcro- 

'0 by forming a first ILD film 230 Here, since the gate elec- 
trodes 220 are formed with a narrower interval in the cell 
array region, dishing does not occur on the surface of 
the first ILD film 230 after the planarization using the 
CMP process. However, the interval between the gate 

'S electrodes 220 is comparatively wider in the peripheral 
circuit region, so that dishing represented by "D" in Fig- 
ure 16b, occurs on the surface of the first ILD film 230 
after the CMP process 

Referring to Figures 17a and 17b, in order to 

20 strengthen resistance of the first ILD film 230 to chemi- 
cals during a cleaning process, an oxide layer is depos- 
ited to a predetermined thickness on the first ILD film 
230 to form a second ILD film 240. Here dishing is re- 
flected on the second ILD film 240 in the peripheral cir- 

2S cuit region. 

Referring to Figures 18a and 18b, impurity-un- 
doped polysilicon material is deposited on the second 
ILD film 240 to a thickness of several hundred A, to form 
a remaining preventing layer 245, The thickness of the 

30 remaining preventing layer 245 may differ according to 
the degree of dishing on the second ILD film 240, how- 
ever the thickness is preferably 2OO~1,0O0A The im- 
purity-undoped polysilicon forming the remaining pre- 
venting layer 245 is very rapidly etched compared to the 

35 impurity-doped polysilicon. Thus, when etching back the 
impurity-doped polysilicon layer in a subsequent step, 
no residue remains in the portion in which the dishing 
occured. Also the remaining preventing layer 245 pre- 
vents diffused reflection of incident beams from the 

40 tungsten silicide layer of the gate electrode during a pho- 
tolithography process for forming the contact, so that the 
deformation of a photoresist material is also prevented. 
Also, an increase in the contact size, caused by a poor 
etching selectivity between the photoresist material 

45 used for forming a contact in a subsequent step and the 
oxide layer forming the second ILD film 240, is prevent- 
ed by the remaining preventing layer 245 

Referring to Figures 1 9a and 1 9b, in order to form 
a landing pad in the cell array region of the resultant 

so structure having the remaining preventing layer 245, a 
landing pad hole h2 is formed by sequentially etching 
the remaining preventing layer 245. the second ILD film 
240 and the first ILD film 230 using a general photoli- 
thography process, such that the active region of the 

55 semiconductor substrate 200 and the spacer 222 are 
partially exposed at the same time Here, the second 
ILD film 240 is etched using an equipment which pro- 
vides excellent etching selectivity to the spacer 222 cov- 
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ering the gate electrode 220, such that the spacer 222 
IS protected and a short between the gate electrode 220 
and the landing pad is prevented 

Referring to Figures 20a and 20b a conductive lay- 

iw y Lj lUi ivjn ly wy.,^ ^v^^^^ 

polysilicon layer, is deposited on the entire surface of 
the resultant structure having the landing pad hole hj, 
to a thicl<ness sufficient to completely bury the landing 
pad hole hj. 

Referring to Figures 21a and 21b, a portion of the 
conductive layer 250 other than the portion formed in 
the landing pad hole hj, and the remaining preventing 
layer 245 are all removed by a CtvlP process, thereby 
forming a landing pad 260 in a self-align manner As a 
result, the remaining preventing layer 245 may remain 
in the peripheral circuit region in which dishing occurred 
However, since the impurity-undoped polysilicon is re- 
moved by as much as 4-5 times faster than the impurity- 
doped polysilicon, the doped polysilicon material and 
the remaining preventing layer 245 are completely re- 
moved from all regions of the cell array region and pe- 
ripheral circuit region except the landing pad 260. As a 
result, any remaining layer is not formed on the second 
ILD film 240. 

Thereafter, a semiconductor memory device is 
completed by the same method as that of the first em- 
bodiment, illustrated with reference to FIGs. 9 through 
14. 

As described above, in the semiconductor memory 
device manufacturing method according to the second 
embodiment, even though dishing occurs on the ILD film 
in the peripheral circuit region when the CMP process 
is performed for forming the landing pad, the unintended 
material on the ILD film, caused by the dishing, can be 
prevented from remaining. 

Next, a semiconductor memory device manufactur- 
ing method according to the third embodiment will be 
described. 

Figures 22 through 2B are section views illustrating 
a semiconductor memory device manufactured accord- 
ing to the method of a third embodiment. 

Referring to Figure 22, a gate electrode 320 is 
formed on a semiconductor substrate 310 by an STI 
method, in which an isolation region 312 and an active 
region are divided The gate electrode 320 is formed to 
have a polycide structure consisting of, e g., a polysili- 
con layer and a tungsten silicido layer Then, a spacer 
322 covering the gate electrode 320 is formed using a 
silicon nitride layer in a subsequent step in consideration 
of the etching selectivity of the silicon nitride layer to an 
oxide layer used as an ILD film Then, a source/drain 
(not shown) is formed in the active region between the 
gate electrodes 320 in the cell array region by an ion 
implantation process, thereby completing a transistor 
consisting of the gate electrode 320 and source/dram. 

Referring to Figure 23 in order to protect the sur- 
face of the active region of the semiconductor substrate 
310, which IS exposed during formation of the transistor, 



from an etch stop layer to be formed of a nitride layer in 
a subsequent step, a thermal oxide layer 323 is formed 
to a thickness of 50~150A on the semiconductor sub- 
strate 310 Then, an etch stop layer 325 made of silicon 

structure having the thermal oxide layer 323 to a thick- 
ness of approximately lOOA. In consideration of the 
etching selectivity to the oxide layer, the etch stop layer 
325 IS formed to a thickness at least 1 0OA such that the 

10 space between the gate electrodes 320 is not buried. 

Referring to Figure 24, a first oxide layer 327 is 
formed on the space between the gate electrodes 320 
in the resultant structure having the etch stop layer 325 
In a highly integrated semiconductor device, the dis- 

'S tance between the gate electrodes is 0.1 Sum or less 
Thus, if a void exists in such small space, a short caused 
by the void occurs. Thus, it is important to fill the space 
between the gate electrodes without a void. To achieve 
this, a material having excellent flow characteristics, e 

20 g BPSG or spin-on glass (SOG), is first deposited on 
the resultant structure having the etch stop layer 325, to 
a thickness of approximately 1 ,000A, and the deposited 
layer is then etched at 45° angle to widen the opening 
between the gate electrodes 320. Then, BPSG or SOG 

25 is deposited thereon to a thickness of 5,000A, and then 
planarized by a flowing process, thereby resulting in a 
BPSG layer or an SOG layer. Then, the BPSG layer or 
the SOG layer is planarized by a GI^IP process, using 
the etch stop layer 325 as an etching end point, thereby 

30 completing the first oxide layer 327. 

Referring to Figure 25, a second oxide layer 329, e. 
g. , a P-TEOS layer capable of being deposited at a lower 
temperature, is deposited on the entire surface of the 
resultant structure having the first oxide layer 327 to a 

35 thickness of approximately 2,500A. Also, in order to pre- 
vent the entrance of the landing pad hole from being wid- 
ened during a subsequent etching process for forming 
a landing pad hole, a polysilicon layer 331 is deposited 
to a thickness of approximately 500A. 

40 Referring to Figure 26, a photoresist pattern 333 is 
formed on the polysilicon layer 331 to define a region in 
which a landing pad is to be formed. 

Referring to Figure 27, the polysilicon layer 331 , the 
second oxide layer 329, the first oxide layer 327, the 
etch stop layer 325 and the thermal oxide layer 323 are 
sequentially etched using the photoresist pattern 333 as 
a mask, thereby forming a polysilicon layer pattern 
331a, a second oxide layer pattern 329a and an etch 
stop layer pattern 325a. At the same time, a landing pad 

50 hole A which simultaneously exposes the surface of the 
semiconductor substrate 310 and the spacer 322 is 
formed Here, even though a slight mis-alignment oc- 
curs in the etching process for forming the landing pad 
hole A, the etching process is performed under the con- 

55 dition for an oxide layer so that the spacer 322 made of 
nitride and the surface of the semiconductor substrate 
310 made of silicon are not damaged Then, the pho- 
toresist pattern 333 is removed 
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Referring to Figure 28 a conductive layer, e g , an CI; 
impurity-doped polysilicon layer, is deposited on the re- 
sultant structure having the landing pad hole A to a 1. 
thickness sufficient to fill the landing pad hole A Then 

Lite owiiuuciivc layoi alio hid ^v_'iyoiin,^»_<i i tayoi ^vcJu^Jll> 

331 are etched by a CMP process, using the second 
oxide layer pattern 329a as an etch stop layer, thereby 
forming a planarized landing pad 340 in the landing pad 
hole A 

Then, a semiconductor memory device is complet- 
ed by the same method as that of the first embodiment, 
illustrated with reference to FIGs. 9 through 14. 

In the third embodiment, a second oxide layer pat- 
tern formed in the space of each landing pad, using a 
P-TEOS, is repeatedly formed in the cell array region 'S 
and the second oxide pattern made of P-TEOS also ex- 
ists in the region other than the cell array region, so that 
the surface of the semiconductor substrate is accurately 
planarized without dishing. 

As described above, according to the preferred em- 20 
bodiments a landing pad is formed by a patterning meth- 
od so that a sufficient alignment margin can be secured 
without damaging the semiconductor substrate. Also 
after a bit line contact pad is formed, a bit line is formed 
thereon, so that the step difference in the semiconductor 2S 
substrate is minimized and the semiconductor substrate 
is planarized by a simpler process. As a result, the step 
difference between the cell array region and the penph- 
eral circuit region is decreased to the thickness of a stor- 
age electrode. 30 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 
to this specification in connection with this application 
and whicfi are open to public inspection with this spec- 
ification, and the contents of all such papers and docu- 35 2. 
ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process 3. 
so disclosed, may be combined in any combination, ex- ""O 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
ing any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the ''S 
same, equivalent or similar purpose, unless expressly 
stated otherwise Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the so 
foregoing embodiment(s) The invention extends to any 
novel one, or any novel combination, of the features dis- 4. 
closed in this specification (including any accompanying 
claims, abstract and drawings), or to any novel one or 
any novel combination of the steps of any method or ss 
process so disclosed 5. 



ims 

A method for manufacturing a semiconductor mem- 
ory device comprising the steps of 

(a) forming gate electrodes (105) on a semicon- 
ductor substrate (101 ), the gate electrodes be- 
ing covered with a spacer (107), 

(b) forming a thermal oxide layer on the ex- 
posed surface of the semiconductor substrate 
between the gate electrodes: 

(c) forming an etch stop layer (109) on the en- 
tire surface of the resultant structure of the step 
(b) to an appropriate thickness such that the 
space between the gate electrodes is not bur- 
ied, 

(d) forming a first interlayer dielectric (ILD) film 
(114) covering the space between the gate 
electrodes and the top of the gate electrodes: 

(e) patterning (114a) the first ILD film to form a 
landing pad hole (116) which exposes the spac- 
er (107) and the etch stop layer (109); 

(f) removing the etch stop layer (109) and the 
thermal oxide layer to expose the surface of the 
semiconductor substrate (101): and 

(g) filling the landing pad hole with a conductive 
material to form landing pads (117). 

The method of claim 1 , wherein the etch stop layer 
(109) IS formed of silicon nitride and the spacer 
(107) is formed of a nitride 

The method of claim 1 or 2, wherein the step (d) 
comprises the sub-steps of: 

(d1 ) forming a first oxide layer (111) on the re- 
sultant structure having the etch stop layer. 

(d2) etching the first oxide layer using the etch 
stop layer (109) as an etch stop point, to form 
a planarized first oxide layer (111a): and 

(d3) forming a second oxide layer (113) on the 
planarized first oxide layer 

The method of claim 3, wherein the second oxide 
layer (1 1 3) is formed by a chemical vapor deposition 
(CVD) method. 

The method of any of claims 1 to 4. wherein the step 
(g) comprises the sub-steps of 
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(g1 ) forming a first conductive layer (1 1 7) on the 
entire surface of the resultant structure having 
the landing pad hole, and 

/ri9\ otrhing tho fircf rnnrinrii\/n layor until tho 

surface of the first ILD film is exposed to form 
the landing pads (117a, 117b) in the landing 
pad hole 

6. The method of claim 5. wherein the first conductive 
layer (117) is an impurity-doped polysilicon layer 

7. The method of claim 5 or 6, wherein the sub-step 
(g2) is performed by a chemical mechanical polish- 
ing (CMP) method « 



10. The method of claim 9, wherein the second ILD film 
is formed of borophosphosilicate glass (BPSG). 

40 

11. The method of claim 9 or 10, wherein the bit line 
contact plug (121a) is formed of an impurity-doped 
polysilicon 

12. The method of claim 9, 10 or 11 wherein the step •'S 
(k) comprises the sub-steps of: 



(k2) patterning the tungsten silicide layer to 
form the bit line (123). 

13. The method of any of claims 9 to 12, further com- ss 
prising, after the step (k) the steps of 

(I) forming a third ILD film (125) on the resultant 



structure having the bit line (123) 

(m) patterning the third ILD film (125a) to form 
a storage electrode contact hole (126) which 

landing pads; 

(n) forming a storage electrode (127) connect- 
ed to tho semiconductor substrate via the stor- 
age electrode contact hole and the other part 
of the landing pads, 

(0) forming a dielectric film (131 ) on the storage 
electrode and 

(p) forming an upper electrode (1 33) on the di- 
electric layer to complete a capacitor. 

14. The method of claim 1 3, wherein the step (I) com- 
prises the sub-step of forming an 03-tetraethyl or- 
tho silicate (TEOS) layer by an atmospheric pres- 
sure chemical vapor deposition (APCVD) method. 

15. The method of claim 13, wherein the step (I) com- 
prises the sub-steps of: 

(1 1 ) forming a plasma type oxide layer; 

(1 2) forming a BPSG layer on the plasma type 
oxide layer; and 

(13) reflowing the BPSG layer 

1 6. The method of claim 13, 1 4 or 15 wherein the stor- 
age electrode (127) is formed of an impurity-doped 
polysilicon 

17. The method of any of claims 13 to 16, wherein the 
step (o) comprises the sub-steps of: 

(01 ) forming a nitride layer on the storage elec- 
trode (127), 

(02) heating the resultant structure of the step 
(ol) in a nitrogen atmosphere: and 

(03) performing an oxidation process on the re- 
sultant structure heated to 750°C or more to 
form the dielectric film having a nitride/oxide 
structure 

18. A method for manufacturing a semiconductor mem- 
ory device comprising the steps: 

(a) forming a gate electrode (220) on a semi- 
conductor substrate (200) having a cell array 
region and a peripheral circuit region, the gate 
electrode being covered with a spacer (222), 



8. The method of claim 5, 6 or 7, wherein the sub-step 
(g2) is performed by etching back the first conduc- 
tive layer 

20 

9. The method of any of claims 1 to 8. further compris- 
ing, after the step (g), the steps of: 

(h) forming a second ILD film (119) on the re- 
sultant structure having the landing pad; 

(I) patterning (119a) the second ILD film to form 
a bit line contact hole (120) which exposes the 
surface of a part of the landing pads: 

30 

(j) forming a bit line contact plug (121a) in the 
bit line contact hole; and 

(k) forming a bit line (1 23) on the resultant struc- 
ture of the step (j). the bit line connected to the 35 
bit line contact plug. 



(kl) forming an amorphous tungsten silicide 
layer on the resultant structure having the bit 
line contact plug: and 
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(b) forming a planarlzed first interlayer dielec- 
tric ILD (230) film on tfie semiconductor sub- 
strate fiaving tfie gate electrode, 

In) forming ^ cArnnri II r^ film /94r)^ nn thp firct 5 

ILD film (230); 

(d) forming a remaining preventing layer (245) 
on thie second ILD film, 

10 

(e) patterning the remaining preventing layer, 
the second ILD film and tfio first ILD film in se- 
quence to form a landing pad hole (h2) which 
simultaneously exposes an active region of the 
semiconductor substrate and a part of the '5 
spacer in the cell array region and 



(f) forming a landing pad (260) in the landing 
pad hole 

20 

19. The method of claim 18, wherein the spacer (222) 
is formed of nitride, 

20. The method of claim 18 or 19 wherein the first ILD 
film (230) IS formed of borophosphosilicate glass 
(BPSG), 

21. The method of claim 18, 19 or 20 wherein the first 
ILD film IS planarized by a chemical mechanical pol- 
ishing (CMP) method, 30 

22. The method of any of claims 18 to 21 , wherein the 
second ILD film (240) is formed of an oxide, 

23. The method of any of claims 18 to 22, wherein the 35 
remaining preventing layer (245) is formed of an im- 
purity-undoped polysilicon 

24. The method of claim 23, wherein the remaining pre- 
venting layer is formed to a thickness of -fo 
200~1,000A, 

25. The method of any of claims 18 to 24, wherein the 
step (f) comprises the sub-stops of: 

45 

(f1) depositing an impurity-doped polysilicon 
(250) on the entire surface of the resultant 
structure having the landing pad hole to a thick- 
ness sufficient to fill the landing pad hole, 

so 

(f2) removing the impurity-doped polysilicon of 
the portion exclusive of the inside of the landing 
pad hole, and the remaining preventing layer to 
form the landing pad (260) in the landing pad 
hole ss 

26. The method of claim 25, wherein the step (f2) is per- 
formed by a chemical mechanical polishing (CMP) 



method 

27. A method for manufacturing a semiconductor mem- 
ory device comprising the steps of 

(a) forming gate electrodes (320) on asemicon- 
ductor substrate (310), the gate electrodes be- 
ing covered with a nitride spacer (322). 

(b) forming a thermal oxide layer (323) on the 
surface of the semiconductor substrate which 
is exposed between the gate electrodes, 

(c) forming an etch stop layer (325) on the en- 
tire surface of the resultant structure having the 
thermal oxide layer loan appropriate thickness 
such that the space between the gate elec- 
trodes is not buried, 

(d) forming a first oxide layer (327) in the space 
between the gate electrodes; 

(e) forming a second oxide layer (329) on the 
first oxide layer; 

(f) forming a polysilicon layer (331 ) on the sec- 
ond oxide layer; 

(g) etching the polysilicon layer the second ox- 
ide layer, the first oxide layer the etch stop layer 
and the thermal oxide layer partially in se- 
quence, to form a landing pad hole (A) which 
simultaneously exposes the surface of the 
semiconductor substrate and a part of the spac- 
er; and 

(h) forming a landing pad (340) in the landing 
pad hole 



so 
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